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I. INTRODUCTION
O RTHOGONAL frequency division multiplexing (OFDM) is a special case of multicarrier modulation, which can effectively mitigate the effects of multipath propagation and hence increase data rate [1] . Also, OFDM system can be equalized in frequency domain by using the fast Fourier transform (FFT), which is fast and efficient. Subspace-based method is a major approach for blind channel estimation in wireless communication [2] - [5] . The basic idea for any subspace-based method is the same, that is, using the obtained signal or noise subspace (from the statistical information of output signals) to identify the channels. However, channel identifiability and its proof vary greatly for different systems. In [6] , Muquet et al. have proposed a subspace-based blind method for estimating the channel responses of OFDM systems. In the proof [6, Appendix B] for the channel identifiability, they assume that the channel transfer function has zeros (distinct or multiple), and these zeros are used to construct a matrix (see [6] ) of size , where is an upper bound of the channel order. If is not the real channel order (this is the case for most practical applications), that is, the real order is less than , it is obvious that the channel transfer function surely has less than zeros. Therefore, the matrix cannot be constructed and the proof fails. In this letter, a new proof for the identifiability is given which does not use the precise channel order and can handle various choices of length of the OFDM block. Also, it is shown that, in most cases, even if channel zeros hit some of the OFDM subcarriers, the channel is still identifiable. The concrete steps for finding the channel in [6] remains valid and therefore is not discussed here.
II. SYSTEM DESCRIPTION
The system model considered here is the same as that in [6] . Let be the length of the cyclic prefix (CP) and also an upper bound of the channel order. The channel response is denoted by . We can always assume that (otherwise the zeros preceding the first nonzero coefficient can be removed). It is assumed that each OFDM block consists of symbols ( [6] only considers the case of ), where is an integer. Let be the OFDM block at time epoch after implementing the inverse FFT and cyclic prefixing. Then, the number of symbols in such a block is . Let and be the received block and ambient noise, respectively. All blocks can be split into subblocks of length is also called the signal subspace, which can be determined by eigen-decomposition of the statistical auto-correlation matrix of the received signal. Any subspace-based method can only determine this subspace. In general, knowing cannot determine matrix . However, for some matrix with special structure, it is possible to determine by up to certain ambiguity. Based on its structure, we will prove in this section that is uniquely determined by subject to a scalar ambiguity. 
where . Like is also a lower triangular block Toeplitz matrix. So, it is possible to generalize Lemma 1 and Theorem 1 for this case.
IV. CONDITION FOR THE IDENTIFIABILITY
The only condition for the identifiability is invertible. When , the condition turns to:
invertible. Since is a cyclic matrix with first row , it is invertible if and only if the length-discrete Fourier transform of the first row has no zero coefficients. This condition will be invalid if and channel zeros meet the OFDM subcarriers (note that ). When , which is the case for most practical applications [1] , the physical meaning of the condition in communication remains to be investigated. However, it seems that even if channel zeros hit some of the OFDM subcarriers, the condition is still valid.
V. CONCLUSION
In this letter, a new proof for the subspace-based channel identifiability of the cyclic-prefixed OFDM system has been given. The proof does not assume the precise channel order and can handle various choices of length of the OFDM block. Furthermore, it is shown that, in most cases, even if channel zeros hit some of the OFDM subcarriers, the channel is still identifiable.
